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EFFECT OF HYDROGEN PRESSURE ON THE REACTION OF NaOH-ALCOHOL- 
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The r e a c t i o n  o f  c o a l s  with-alcohol-Na0H has  been s t u d i e d  i n  
d e t a i l l ) 2 ) a n d  t h e  younger c o a l s  w i t h  l e s s  t h a n  8 2 % C  cou ld  be d i s s o -  
l ved  n e a r l y  comple t e ly  i n  p y r i d i n e  a f t e r  t h e  r e a c t i o n  a t  3OO0C f o r  
1 hour .  Even a c o a l  of  87%C cou ld  be  n e a r l y  comple t e ly  d i s s o l v e d b y  
t h e  r e a c t i o n  a t  35OoC f o r  1 hour .  O the r  r e a c t i o n  c o n d i t i o n s ,  tem- 
p e r a t u r e , t i m e  and  t h e  c o n c e n t r a t i o n  o f  NaOH,were a l s o  examined i n  
d e t a i l .  The s p e c i e s  of  a l k a l i s  was examined,which r e v e a l e d  t h a t  
NaOH and L i O H  were  most e f f e c t i v e x ) .  Reac t ion  mechanism was pu r su -  
r ed  by t h e  s t r u c t u r a l  a n a l y s i s  f o r  t h e  p y r i d i n e  e x t r a c t s  of  which 
y i e l d  were more t h a n  9 0 0 4 ) .  The r e s u l t s  show t h a t  t h e  main r e a c -  
t i o n  i s  t h e  h y d r o l y s i s  and p a r t l y  a s s o c i a t e d  w i t h  hydrogenat ion  by 
t h e  hydrogen roduced  from t h e  r e a c t i o n  between a l c o h o l  and NaOH 
a s  f o l l o w s , l ) 3 )  

The s t r u c t u r a l  a n a l y s i s  o f  p y r i d i n e  e x t r a c t s  which r e p r e s e n t  t h e  
almost a l l  t h e  r e a c t i o n  p r o d u c t s , t h a t  i s  t o  say  t h e  o r i g i n a l  c o a l s  
t h e m s e l v e s , r e v e a l e d  t h a t  t h e  a romat i c  r i n g  numbers i n  t h e  s t r u c t u -  
ra l  u n i t  ( c l u s t e r  u n i t ) o f  t h e  younger c o a l s  c o n s i s t  o f  1 wi th  0 . 5  
naphthenic  r i n g  and t h e  bituminous c o a l s  have t h e  a romat i c  r i n g  
number of  4 w i t h  l n a p h t h e n i c  r i n g s .  The younger c o a l s  have more 
o f  e t h e r  l i n k a g e s  and c o n s t i t u t e  h i g h e r  molecu la r  weight  s t r u c t u r e .  

A s  t h e  n a s c e n t  hydrogen atoms can  c o n t r i b u t e  t o  t h e  hydrogena- 
t i o n  o f  c o a l  mo lecu le s ,p robab ly  t h e  a tmosphe r i c  p r e s s u r e  a f f e c t s  
t h e  r e a c t i o n  d e g r e e  and t h e  hydrogen p r e s s u r e  w i l l  g i v e  more 
e f f e c t s .  Th i s  r e p o r t  t r e a t s  t h e  e f f e c t  o f  hydrogen p r e s s u r e  on 
t h i s  r e a c t i o n .  

Experiments 

C2H50H+NaOH---+CH3COONa+2H2 

Coal sample i s  t h e  v i t r i n i t  o f  Ta ihe iyo  coa l (C :77 .5%,H:6 .3%,  
N:l.l%,S:0.2%,0diff:14.5%)prepared by t h e  f l o a t - a n d - s i n k  method. 
The c rushed  c o a l  of  lg,NaOH of l g  and l O m l  o f  a l c o h o l  were p l aced  
i n  an a u t o c l a v e  of  38ml w i t h  t h e  magnet ic  s t i r r e r  and t h e  atmos-. 
phere was r e p l a c e d  w i t h  p r e s s u r i z e d  n i t r o g e n  o r  hydrogen. Then they  
were r e a c t e d  a t  300-430°C,for 1 hour.  A f t e r  r e a c t i o n  t h e  gas was 
ana lyzed  w i t h  GC and t h e  product  was a c i d i f i e d  w i t h  2 N  H C 1 .  The 
p r e c i p i t a t e  was centrifuged,filtered,washed and d r i e d .  The e x t r a c -  
t i o n  was c a r r i e d  o u t  by shaking  t h e  p roduc t  w i t h  p y r i d i n e , a l c o h o l  
o r  benzene f o r  1 0  hour s  a t  room t empera tu re .  

A t  t h e  h i g h e r  r e a c t i o n  t empera tu re  than  400°C, the  product  
becomes o i l y .  T h e r e f o r e  benzene was added t o  t h e  p roduc t  and smal l  
amount o f  wa te r  was a l s o  added t o  d i s s o l v e  t h e  b l o c k  o f  sodium 
a c e t a t e .  The m i x t u r e  o f  two phase s o l u t i o n  wi th  t h e  un reac ted  pow- 
d e r  was f i l t e r e d  t o  e l i m i n a t e  t h e  u n r e a c t e d  p a r t  and t h e  benzene 
phase was s e p a r a t e d  from aqueous phase.The benzene s o l u t i o n  was 
washed w e l l  w i t h  w a t e r  and d r i e d  w i t h  sodium s u l f a t e , t h e n  benzene 
was r ecove red  by d i s t i l l a t i o n . T h e  r e s i d u e  was e x t r a c t e d  w i t h  ben- 
zene by shak ing  a t  room t empera tu re  a s  above. 

IR s p e c t r a  were r eco rded  by K B r  p e l l e t  w i t h  t h e  s p e c i a l  c a r e  t o  
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eliminate the humidity, 

Results and discussion 

The reaction condition,products yield and solvent extraction 
yield are listed in Table 1-2 and Fig 1-2. Under the nitrogen 
pressure the yield of ethanol extraction increases with the pre- 
ssure. The main reaction of NaOH-alcohol-coal system is the hydro- 
lysis which results the splitting of ether linkages and contribu- 
tes the reduction of molecular ~eightl)~)~). But as pointed out 
in the previous papers a slight hydrogenation takes place with 
the hydrogen produced from the reaction of alcohol with NaOH. 
This hydrogen is expected to act as a nascent hydrogen and under 
the pressure it may be confined in the solution,which contributes 
to the rise of reactivity. 

The yield of extraction with ethanol for the products under' 
hydrogen pressure has the higher values than those under nitrogen. 
The dissolution of atmospheric hydrogen into the solution may 
contribute to the hydrogenation. 

The rise of temperature also increases the extraction yield. 
The yield of extraction with ethanol under hydrogen pressure 
always has the higher values than those under nitrogen pressure. 
The yield of extraction with benzene under nitrogen has the higher 
values than those under hydrogen at the lower temperature,but at 
the higher temperature the yield of extraction under hydrogen 
becomes higher. This can not be explained well. The possibility is 
that under hydrogen ether linkages split more than under nitrogen 
and the product contains more of OH groups,which favors the solu- 
bility into ethanol and limits the solubility into benzene. 

(references) 
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3)M.Makabe,K.Ouchi,Fuel,iii press. 
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S)M.Makabe,K.Ouchi,Fuel,in press. 
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I n i t i a l  Spec ies*  
pressure,MPa of  g a s  

0 . 1  N 
H 

2 N 
H 

5 N 
H 

Table  1. React ion  c o n d i t i o n s , p r o d u c t  y i e l d  and 
s o l v e n t  e x t r a c t i o n  y i e l d  a t  3OOOC 

Product  
y i e l d  % 

84.1 
87.0 

89.1 
89.7 

87.9 
86.4 

P y r i d i n e  

98.1 
95.6 

93.7 

95.6 

91.9 
97.0 

95.9 
95.0 

87.9 I f :  1 88.5 

Ethano l  

47.7 
83.5 

68.4 
86.8 

69.3 
91.0 

74.5 
88.1 

Reaction 
t e m p e r a t u r e  

O C  

300 

350 

400 

430 

* N : n i t r o g e n ,  H:hydrogen 

Table  2. Reac t ion  c o n d i t i o n s , p r o d u c t  y i e l d  and 
s o l v e n t  e x t r a c t i o n  y i e l d .  

Species Product S o l v e n t  e x t r a c t i o n  y i e l d %  
o f  g a s  y i e l d %  . 

P y r i d i n e  E t h a n o l  Benzene 

N 87.4 98.1 47.7 35.7 
H 89.7 95.6 86.8 18.4 

N 89.2 97.5 51.1 42.9 
H 91.0 98.6 72.2 38.4 

N 93.0 98.4 72.9 74.7 
H - - 85.5 85.0 

70.8 - - - H 
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F I G  I .  PRESSURE DEPENDENCY OF SOLVENT 

EXTRACTION Y I E L D  
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FIG 2 ,  TEMPERATURE DEPENDENCY OF SOLVENT 
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